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H.IGHT MEASUEIEMENTS OF AVERAOE SKIN-FRICTION COEFFICTENTS 
ON A PARABOLIC BODY OF REVOLUTION (NACA RM-10) 

AT MACH NUMBERS FROM 1.0 TO 5-7 
By J. Dan. Loposer and Charles B. Rumsey 


SUMMARY 


Measurements of average skin-friction coefficients have been made 
on six rocket-powered free-fljLght models by using the boundary-layer 
rake technlq.Tie. The model configuration was the HACA EM-10, a 
12 .2-fineness -ratio parabolic body of revolution with a flat base. 

Measurements were made over a Mach number range from 1 to 3 -7^ 8- 
Reynolds number range from 40 X 10° to I70 x I06 based on length to the 
measurement station, etnd with aerodynamic heating conditions varying from 
strong skin heating to strong skin cooling. 

The measurements show the same trends over the test ranges as Van 
Driest *s theory for turbulent bovmdary layer on a flat plate,. The meas- 
ured values are approximately 7 percent higher than the values of the 
flat-plate theory . 

A comparison which takes into account the differences in Reynolds 
nxmiber is mad^ between the present results and skin-friction measxnrements 
obtained on NACA EM-10 scale models in the Langley 4- by 4-foot supersonic 
pressure tunnel, the Lewis 8- by 6-foot supersonic tvmnel, and the Langley 
9-inch supersonic tunnel. Good agreement is shown at eill but the lowest 
tunnel Reynolds number conditions. 

A simple empirical equation is developed which represents the meas- 
urements over the range of the tests . 


INTRODUCTION 


A considerable portion of the total drag of typiceil airplane and 
missile configurations at supersonic speeds is due to skin friction, and 
the accurate prediction of the skin-friction drag cdefficient at super- 
sonic speeds is of iirportance, especially with regard to the magnitvide 
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of the decrease vith increasing Mach number. Several theories predict 
dissimilar redactions In the skin -friction drag coefficient with increeise 
in Mach nimiber, an d experimental data from which the accviracy of the 
theories can he evaluated, are very meager. The effect of aerodynamic 
heating on the skin-friction coefficient is also predicted, to he appre- 
ciable. Since airplane and. missile flight conditions normally include 
variahle aerodynamic heating conditions, the accuracy of the prediction 
is important. 

In order to provide experimental skin- friction data over a wide 
range of Mach n'umber, Eeynolds numher, and aerodynamic heating conditions, 
the National Advisory Committee for Aeronautics has conducted a rocket- 
propelled flight test program in -vdilch average skin-friction coefficients 
were measured on a parahoilc body of revolution (WACA EM-10) by using the 
bo\mdary-layer rake technlq^ue . The first results of this program were 
published in reference 1. Several additional flight tests have been 
conducted \dilch refined the instrumentation and extended the range of 
the test conditions. Eesults of these tests are reported herein. 

Mach number range covered was from 1.0 to 3*7^ the Eeynolds number range 
(based on body length to the measurement station) ■was from 40 x 10° 
to 170 X 10°, and the aerodynamic heating conditions varying from strong 
skin heating to strong skin cooling . The tests ■were conducted at the 
Langley Pilotless Aircraft Eesearch Station at Wallops Island, Va. 


SYMBOLS 


Cf 


average skin-friction coefficient based on wetted area 
ahead of measurement station 



average skin-friction coefficient computed from enpirical 
formula 




Incompressible average skin-friction coefficient 


Cf measvjred "values of average skin -friction coefficient 

from present In^vestigatlon, based on area ahead of 
meeLSurement station 


Cf 

Van Driest 


average skin-friction coefficient computed from Van Driest 's 
theory 


h 


altitude, ft 


M Mach nximber 

Mg Mach niimber at outer edge of boundary layer 


, 4 *.- 
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ReynoHs number based on axial distance from, nose of 
model 



y 


time, sec 

temperature, abs . 

adiabatic wall ten^ierature , °F abs . 

representative temperature of skin ahead of me asur ement 
station, °F abs . 

distance normal from skin, in. 


95 


•wall heating parameter. 


^av - Ty 
- Ti 


Subscripts : 

1 free -stream conditions 


MODELS AND TESTS 


Figure 1 s’ho'ws the dimensions of the models tested, and figure 2 is 
a photograph of a model and its booster on the launcher. The model con- 
figuration is designated NACA K 4 - 10 . The bocly is a parabolic body of 
revolution ■with a basic fineness ratio of 15 » An actiial fineness ratio 
of 12.2 results from cutting off the rear portion to form a base area 
for rocket exhaust . The body is lh 6 .5 inches long ■with a 12 -inch maxi- 
mum diameter. Fo^ur fins are equeOly spaced around the beise. They are 
vmtapered, have 60° sweepback, and have a 10-percent-thick circular -arc 
profile normal to the leading edge. The models were constnacted of mag- 
nesi^um eilloy except for a steel tip on the nose and steel le adin g and 
trailing edges on the fins, -which were necessary to prevent melting of 
the needle point and knife edges . The cast fins -were welded to the cast 
rear section of the body. The body aliead of the fin section -was spun 
from 0 .09-inch-thick magnesium, with a 6-inch solld-magne s i\mi nosepiece . 

Six joints -were necessary for the construction and assembly of the 
model, three of these being permanent joints . The steel tip was pressed 
pennanently on the solid-magnesium nose -which was fastened permanently 
to the spun-magnesivnn body at station 6. A permanent riveted joint was 
located at station 90, the station of maximum diameter. These permanent 
joints -were very carefiiUy ha nd-w or ^.jL,jn^ polished to make the sxirface 
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jimcture as smooth as possible . Threaded joints vere located at sta- 
tions 23^ 80^ and 125* These joints were veiy carefully constructed and 
fitted, but surface discontinuities of the order of O-OO5 inch at the 
station-80 joint could not be eliminated because of the large diameter 
and thin wal l construction. Stiffening rings were located only at the 
joints of stations 23^ 80, 90, and 125, these were designed to prevent 
changes in body contour due to the expeinsion caused by aerodynamic heating. 
The contoiar of the finished models varied from the design dimensions by 
a maximum of 0.25 percent of the local diameter, and the surface rough- 
ness, except for joints, was less than 60 microinches from peak to valley 
as measured with a Brush surface analyzer with a 0 .0005-inch-radius styliis . 

ABL Deacon rocket motors which have a total impulse of approximately 
idykOO pound-seconds were used for propulsion. A booster consisting of 
two Deacon motors burning simultaneously accelerated the model to a Mach 
number of approximately 2.0. At burnout of the booster rocket motor, 
the booster drag-separated and the model coasted for a predetermined time 
before ignition of the internal .1 y carried Deacon sustainer motor which 
accelerated the model to maximum Mach number . Data were telemetered from 
the model continuously and were automatically recorded at two groimd 
receiving stations . The models were tracked by a CW Doppler velocimeter 
from take-off until approximately 5 seconds after maximum Mach nimiber . 

The velocity time history thus obtained was extended by integration of 
the telemetered accelerations . Position of the model in space was obtained 
from an SCR 5®^ radar tracking unit . Atmospheric data were measured by 
meeins of radiosondes, which were automatically tracked by radar to supply 
wind velocity and direction at altitMes . Figure 3 is a drawing of the 
*tioundary-layer total-pressure rake which was used to measure the average 
skin-friction coefficients for the body ahead of the rake station. Fig- - 
ure k ±B 3. photograph of the rake installation on model k. Six models 
were flight tested in the present investigation. The rake was mounted 
at station 125 on models 1 to 5 Q't station 85 on model 6 . Figure 5 
shows typical time histories of altitoode, aerodynamic heating parameter, 
Reynolds nuniber , and Mach number for the tests . Only the trajectory for 
model 5 differs significantly from the example . The first coast period 
for model 5 ended at approximately 8 seconds resxilting in higher Reynolds 
numbers at comparable Mach numbers . Also shown is a curve of skin-friction 
coefficient confuted for the test conditions shown using Van Driest *s 
flat-plate turbulent boundary- layer theory (ref. 2). During the first 
coast after booster separation, Mach number and Reynolds nxjmber decrease 
as the model slows down. Since the skin temperature has not yet reached 
adiabatic wall temperature at booster separation, the tenperature param- 

^ is positive at the beginning of the coast period. The 
-*-aw * ^1 

decreasing speed during coast causes to decrease. Wall ten5>erature, 

however, is increasing because of aerodynamic heating and at approximately 
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midway of the coast they become eqtiEil, making the ten5)erature parameter 
equal to zero . Wall ten^erature then begins to decreeise , lagging 

and the temperature parameter becomes negative. During power on. Taw 
increased and became much higher than T-^^, thus catising. the tenperature 

parameter to a gain become positive. During the second coast, a sequence 
of tenperature variations occurs similar to that dvtrlng the first coast. 


MALYSIS 


Average skin-friction drag coefficients were determined on the 
NACA EM-10 body ^7 means of total-pressiire rake sxirveys throu^ the 
boundary layer and measirrements of the static pressure and skin tenper- 
ature at the measurement station. The total-press\ire and static-pressure 
measurements were lased to obtain Mach numbers from which Mach number pro- 
files through the boundary layer were obtained by fairing. Figure 6 shows 
three typical Mach number profiles from model 5 plotted eis M/Mg against 
distance from skin . The measured points are shown by symbols . The aymbols 
are shown at the y distance corresponding to the geometric center of 
the tiibe . Some Investigations have Indicated that the geometric center 
of the total-pressure probe does not correspond to the effective center 
of pressure when measurements are made in a pressure gradient across the 
tube mouth. An estimate for conditions of the present tests indicates 
the shift to be negligible. The Mach number profiles were Tised elong 
with the equation for the temperature distrlbxxbion thro\jgh the bomdary 
layer, which was given by Crocco' in reference 5^ to obtain velocity and 
density profiles through the boundary layer. The velocity sind density 
profiles were then used in the momentimi equation to obtain average skin- 
friction drag coefficients for the area ahead of the measinrement station. 
The reduction procedure for the data reported herein is the same as that 
described in greater detail in reference 1, except for the value of the 
tenperatirre recovery factor inserted in the Crocco temperature equation. 

In reference 5 a- tenperature recovery factor of 0.88 was vised, whereas 
in the present report a value of 1.0 was used. Although the value of 0.88 
satisfies the boundary condition for tenperature of the skin at equilib- 
rium, the value of 1.0 was found to give better agreement of temperatvrre 
profiles within the boundary layer when compared with profiles ceilcvilated 
by using measured variations of recovery factor within the bovindary layer 
from reference 4. For the conditions calculated for conparison, the 
effect of changing the recovery factor from 0.88 to 1.0 amounted to less 
than 2-percent change in average skin-friction coefficient. 

In the present paper the wall heating condition is expressed by a 

, , Taw “ ^ 

dimensionless temperature parameter 0 which is defined as 0 = . 

^aw " ^1 
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This parameter, vhich is the ratio of the temperatiire difference between 
the adiabatic wall temperatiire and the actual skin temperature to the 
temperature rise idiich would be attained on an insulated wall, has the 
added significance of indicating geometrically similar nondimens ional 
boundary-layer ten^jerature profiles for equal values of 0. A complete 
derivation and discussion of this parameter is given in the appendix of 
reference 5 - The value of used in the parameter was taken as the 

tenqjerature of the skin at the average area station ahead of the rake . 
This is the station which divides the model STirface area ahead of the 
measurement station in half. Skin tengjeratixre measurements made at sev- 
eral stations on the WACA EM-10 body d\iring test trajectories similar to 
those herein show that the tengjerature is not constant adong the skin, 
with a maximum difference of 183 ° p between stations l 8 and 122 occurring 
shortly after peak Mach number. The skin tenq)erature at the average area 
station is believed to represent best the heating condition affecting Cf . 


EESULTS AND DISCUSSION 
Presentation of Eesults 


Shown in figure 7 are plots of average skin-friction coefficients, 
Reynolds number, and temperatvire parameter against Mach mmiber for each 
of the six models. Models 1 to if all had a similar delay time (first 
coast) of approximately 10 seconds . The cvurves of Reynolds mmibers for 
these models show that similar ranges of Reynolds mmiber were covered 
during first coast, power on and second coast, with considerably differ- 
ent Mach nxmibers occurring at comparable Reynolds numbers . The Reynolds 
mmiber variation of model 5 was similar to thiat of models 1 to 4 except 
that a slightly higher Reynolds number was attained at peak Mach number 
because of its shorter delay time of 5 seconds -vdiich caused its maximum 
Mach number to occvtr at a lower altitude. The Reynolds numbers of model 6 
were proportionately lower than those of models 1 to 4 as a resfilt of 
having Its measurement station at 85 Inches instead of 125 inches as on 
the other models . 

The ten^jerature parameter for models 1 to 4 covered a similar range 
during first coast, power on and second coast. The temperature parameter 
for model 5 differed only in that it did not become negative during the 
first coast because of its shorter delay time . 

The measinred average skin-friction coefficients are shown in fig- 
ure 7 along with a curve of Van Driest 's theory for turbtilent skin- 
friction on a flat-plate at the test conditions of Mach number, Reynolds 
nuriber, and skin temperature . The experimental points show a change in 
skin-friction coefficient of from 30 to 40 percent over the test range . 
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Van Driest 's theory for skin friction on a smooth flat plate, computed 
for the test conditions, shows a very similar trend. 


Conparison With Flat-Plate Theory 

A comparison of the measured skin-friction coefficients from the 
NACA EM-10 body with the flat-plate theory is made in figure 8 hy plotting 
one against the other. Data are shown for the five models on which meas- 
urements were made at station 125 1 The dashed line, faired throu^ the 
data points, is 7 percent above the line representing Driest* 

The hand drawn ±5 percent about the faired line includes 66 percent of 
the points . Although there is scatter in the data when plotted in this 
manner, reference to figure 7 shows that the cause is not random scatter 
in measurements from an individxxal model but is the difference in the 
agreement between measurement and theory from model to model- The reason 
for this variation in agreement at similar test conditions is not under- 
stood. A possible cause may be very small model flight trim angles. 
Deference 6 shows small differences between boundary-layer profiles meas- 
■ured at diametrically opposite points on a body of revolution in a wind 
tunnel. The difference is attributed to very small misallnement (a few 
tenths of a degree) of the model axis with the undisturbed stream direc- 
tion. Similarly, in the present tests, small misallnement of the fins 
may have caused the models to trim at a very small angle of attack. 

Althou^ the extent of laminar boundaiy layer which may have existed 
over the nose of the body is not known, the data are compared with theory 
for fully turbulent flow over the model. Three reasons to believe the 
conparison is valid are eis follows; (l) skin-temperature measurements 
made at station l 8 on the NACA M-10 body show turbvilent heat-transfer 
coefficients at this station at all times during test trajectories s imilar 
to those herein; ( 2 ) calculations, based on consideration of the small 
area of the nose under laminar flow and the shortening of the effective 
length of turbulent run, indicate that laminar flow back to station 20 
would cause only a 1 . 5 -percent reduction in the measured average skin- 
friction coefficient; and ( 5 ) the levsl of the agreement with theory does 
not change between the data taken at the highest Eeynolds numbers and the 
lowest. If the length of laminpr flow increased significantly at the 
lower Eeynolds numbers, the level of the data would have been lowered. 

At the higher Eeynolds number conditions, transition must occtn* ahead of 
station 20 or the transition Eeynolds mmiber woul d be unreasonably high. 

Pigvire 9 shows the data from rakes at station 85 from model 6 of the 
present tests and from model 2 of reference 1 plotted against Driest 

for the fli ght test conditions . The data from reference 1 are approxi- 
mately 10 percent hi^er than the data from model 6 which scatter about 
the level of the Van Driest theory. No conclusion is drawn from the 
limited data from these two models . 
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Comparison With Tunnel MeaBiu:ements 

Skin-friction measurements tia've been obtained on the NACA EM-10 body 
shape in the Langley 4- by 4-foot siipersonlc pressure t unn el (ref. 7)7 
the Lewis 8- by 6-foot supersonic tunnel (ref . 8 ) , and the Langley 9 -inch 
supersonic tunnel (ref. 9) ^y both the boundary-layer rake technique and 
the dreig-coii5)onent technique . Eeference 10 presents a compilation of 
these data from Mach mmibers of 1.49 io 2.4l and at Eeynolds nrnnbers 

below 40 X 10^. The t\irbulent skin -friction data of reference 10 are 
used for comparison with the results of the present Investigation. How- 
ever, it was necessary to convert the skin -friction coefficients from 
the present investigation to the Eeynolds number and zero heating condi- 
tion for which the ■fcvumel data were obtained. 


In order to evaluate the effect of Mach number, skin-friction coef- 
ficients were read for models 1 to 5 from figure 7 at the condition of 
zero heating. These values were divided by the incompressible skin- 
friction coefficient for the same Eeynolds n^mlber and were plotted against 
Mach number in figure ID . The incon5)resslble valiies of Cf were obtained 

from reference 11 which reports Incon^jresslble Cf measiu’ements on the 

full-scale NACA EM-10 body from towing tank tests . The results from 
reference 11 show that the Incompressible Cf on the NACA EM-ID body 

agrees with the Von Karman-Schoenherr curve (ref. 12) for Cf^. Also 

shown in figure 10 is the variation of Cf/Cf^ given by Van Driest ‘s 

theory at Eeynolds numbers of 10, 60, and I70 x 10^. These theoretical 
lines show that this wide range of Eeynolds nximber modifies the relation 
of Of/Cf^ with Mach number by only 6 percent at a Mach number of 5> 

and less at lower Mach numbers . Most of the experimental points on fig- 

xire 10 are for a Eeynolds npiber of approximately 60 x 10^. The theo- 
retical curves for 17O x 10° and 10 x 10° are shown since they cover the 
upper limit of the present data and the lower limit of the tunnel data 
iised for comparison. As in figure 8, the line representing the fairing 
of the data is approximately 7 percent above Van Driest 's theory at the 
corresponding Eeynolds nxmiber (60 x 10°) . 


Figvrre 10 is used to convert the results of the present investiga- 
tion for comparison with the tunnel data of reference 10. Values of 
Cf/Cf^ were read from the experimental curve at the tunnel Mach number, 

and multiplied by Cf^ at the tunnel Eeynolds nijmber. Van Driest 's 

theory curves indicate a maximum correction of 2*5 percent to the 
Cf/Cf^ values becavise of the Eeynolds nxmiber differences between the 

experimentsil cxrrve and the tunnel tests . These smal 1 corrections were 
made . 
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The comparlsoa of the data from this investigation, converted as 
indicated, with the tunnel data is shown in figinre 11. Figiore U(a) shows 
the con 5 )arison with data from the Langley 4- by 4-foot supersonic pressure 
tunnel and the Langley 9-inch si:iper sonic tunnel at a Mach number of 1.6 
over a range of Reynolds number. Tunnel measiurements are shown for con- 
ditions of natural transition and for transition fixed near the nose . 

For natinral transition, Cf is low at the low Reynolds numbers because 


of the greater proportion of laminar flow over the body. Resiilts of the 
present tests are in very good agreement with the natural transition 
tunnel data above a Reynolds number of 52 X 10^. The agreement with the 
fixed transition data is very good at Rx = 28 x 10 ^ and is within 8 per- 
cent at the lower Reynolds numbers . Figure U(b) shows' the comparison 
with the resvilts from tests in the Lewis 8 - by 6 -foot sv^jersonic tunnel 
for Rjj » 50 X 10^ over a Mach number range from 1.49 to I. 98 . The 

difference is less than 4 percent. Figure U(c) shows the comparison 
with data from the Langley 9-inch supersonic tunnel for Rx = 8.5 X 10° 
at Mach numbers from 1.62 to 2.4l. The tunnel model had transition fixed 
near the nose and the tunnel data are from 5 to I 5 percent below the data 
from the present investigation. In summary, the con^iarison of the pres- 
ent data with that from the three tunnels shows good agreement at all but 
the lo>rest Reynolds ninsbers . 


Development of Empirical Equation 

In order to define the effects of heating on the measured skin 
friction, ■ values of Of/Cf^ have been plotted against Mach mmnber in 

figure 12 for several values of heating parameter. Values of Cf were 
read from a fairing of Cf data from figure 7 for constant values of 0 
and were divided by Cf^ for the same Reynolds number. In figure 12(a), 

the experimental curve for zero heating from figure 10 is reproduced and 
a strai^t— line fairing is shown as an alternate fairing above M = 1.0. 
Figures 12(b), (c), and (d) show points taken from a fairing of the Cf 
data from figure 7 at constant values of the heating parameter 0 with 
a strai^t line fairing drawn to represent the points . For any specific 
value of the tenperature parameter the fairing does not in a3.1 cases 
appear to be’ the best possible one; however, the trends of the data points 
with variation of the heating parameter seem to justify the family of 
curves obtained from flgvire 12. 

The empirical formula for the variation of Cf/Cfj^ as obtained 
from the straight-line fairings of figure 12 is 
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The value of may be selected from a plot of the Karmm-Schoeriherr 

equation ( i .e . , = log^nRxCf ) at the value of Reynolds number for 

V / 

computation of C-p, or the equation C-p . = Q -0 2 77 which represents 

^ T, 0 . 11+05 

, , "" 6 
the Karman-Schoenherr equation within 1 percent from Rx = 20 x 10° 

to 200 X 10^, may be substituted in the en^jlrical formula . The resultant 
en 5 >irlcal eq+iation then becomes 


Cf 


0-0277 
R^O. 11+05 



^av ~ ^w 
^aw “ 1^1 



(M - 1) -+- 1.0 


The emplricsLl equation is valid only between Mach numbers 1.0 and 3-5- 
Veilues of Cf greater than C^^ would result if used for Mach mm+bers 

from 0 to 1.0. The empirical equation is presented primarily to show 
the grouping of parameters in a courparatlvely sin 5 )le form •vrtiich repre- 
sents the present data within the accuracy of the measurements . 


Conqaarison of Data With Empirical Equation 

Figure 13 shows the present data plotted against the values of Cf 
from the eii 5 )iricetl equation. The line expressing ^fj^gg^g = *^femp 

stitutes a good fairing of the data. Since a ± 5-percent band includes 
66 percent of the experimentsil points, the en 5 )iric£il equation is believed 
to be a good representation of the measiirements . Also shown in figure I 3 
are data from references 1 and 5 . Data from reference 1 are from rake 
data at station 125 on two MCA RM-10 flight models and are as much as 
25 percent hi gha r than the faired line of the present data. No good 
explanation for this difference has been found, although contributing 
causes may be the possibility of small angle of attack an mentioned pre- 
vio+isly and the fact that the modeljs reported in reference 1 were the 
first f 1 i gbt models vising the rake technique irtiich was improved in several 
Hinall details in later models . The data from reference 5 are from rake 
data at station 12k on one RM-10 fll^t model and agrees within 5 percent 
with the present data. The agreement of the present data is s imilar to 
that shown in figvrre 8 between the data points and the line 7 percent 
above Van Driest 's theoi*y. The reason for this is shown in figure ll+- 

where C^» is plotted aga in st Cf _ ^ ^ . The points shown are 

len^) •‘Van Driest 

computed for the experimental conditions of t-wo models which were typlceil 
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of the present tests . The points lie within ±2 percent of the line 
^^emp ~ Driest 


CONCLTSIONS 


•pnght tests of six full-scale NACA EM-10 rocket -propelled models 
have been conducted for measurement of average skin-friction coefficients. 
Measurements were made over a Mach -number range ^from 1-1 to 3*7^ a- 
Reynolds number range from ItO x 10° to 17O x 10°, and with aerodynamic 
heating conditions varying from strong skin heating to strong skin cooling. 
The following conclusions are presented: 


1. Over the conditions of the tests, the meeisured values show the 
same trends as Van Driest ’s flat-plate turbulent theory- The measured 
values are approximately 7 percent hi^er than Van Driest 's theory. 

2. By plotting the data as the ratio of average skin-friction coef- 
ficient Cf to the incompressible average skin-friction coefficient Cf^ 

pnd Titilizing 'the experimental curve of Cf^ obtained for the NACA 

EM-10 body in NACA Eep . II61, a comparison is made between the present 
results and skin-friction measurements obtained on EM-10 scale models in 
the Langley 4- by If- foot stpersonlc pressure tunnel, the Lewis 8- by 6-foot 
supersonic tunnel, and the Langley 9-iiich supersonic tunnel . Agreement at 
tunnel Eeynolds numbers from 25 x 10^ to 40 x 10^ was good and at Beynolds 
numbers from 8 x 10^ to 25 X 10^ the agreement with tunnel meeiSTxrements , 
for transition fixed near the nose, was within I3 percent. 

5* A simple emrplrical eq^uation was developed from the data to repre- 
sent the measvirements over the range of the tests. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., June 29, 195^* 
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Y= 6.000- .0007407 

Station number denotes axial distance from nose in inches. 

Figure 1.- General configuration and body eq\iation of NA.CA BM-10 model. 

Dimensions are in inches. 
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Figiore 3-- Drawing of boundary-layer total-pressure rake. Dimensions 

are in inches. 
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MCA RM L54G14 



(a) Model 1. 

Figure 7-- Average skin- friction coefficients and test conditions plotted 

against Mach nuniber. 


(t)) Model 2. 
Figure 7 -- Coatinued 
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(e) Model 5 . 


Figure 7*- Continued 
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Figure 8.— Comparison of Cf with Cf . Rake station, 125 

•^meas -^Van Driest 
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(b) Rx « 50 X 10^. 
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(c) Ex = 8.5 X 10^. 

Figure 11.- Extension of present data compared with tunnel meas\arements , 
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Figure lU.- Con^iariBon of Cf 


